The large, conserved semaphorin/collapsin gene family encodes putative axon guidance molecules. We describe the cloning and expression of two novel zebrafish semaphorins that represent an increase in the size and diversity of the family. These semaphorins are expressed in unique and dynamic patterns during development.
The semaphorin/ collapsin gene family is a large and diverse family encoding both secreted and transmembrane proteins, some of which are thought to act as repulsive axon guidance molecules (reviewed in Culotti and Kolodkin, 1996; Tessier-Lavigne and Goodman, 1996) . We have identified two novel zebrafish members of the semaphorin family, semaZ7 and semaZ8 (Fig. 1 ). semaZ7 encodes a transmembrane class IV type semaphorin that is most similar to human CD100 (Hall et al., 1996) , with 48% amino acid identity within the sema domain. The cytoplasmic domain of SemaZ7 is only 24% identical to that of CD100, suggesting that SemaZ7 mediates a different function. semaZ8 is a partial cDNA encoding the carboxyhalf of a secreted class III type semaphorin. The predicted amino acid sequence of this clone shares approximately the same degree of sequence similarity to each of the other class III semaphorins (Luo et al., 1995; Püschel et al., 1995) , suggesting that it is not a homolog to any previously identified semaphorin. The partial sema domain is 53-56% identical to other class III semaphorins, while the basic carboxy tail shares only 15-28% amino acid identity to the others.
We analyzed the expression pattern of semaZ7 and semaZ8 with in situ hybridization (Fig. 2) . semaZ7 is expressed beginning at the 26-somite stage (22 h post-fertilization (hpf)) in the dorsal optic tectum, the target tissue for retinal ganglion cell axons ( Fig. 2A-C) . Initially, expression is present over a fairly broad region of the dorsal tectum (Fig. 2B) . By the late pharyngula period (40 hpf), however, when retinal ganglion axons are invading the optic tectum, semaZ7 expression is restricted to a single row of cells at the caudal and medial borders of the tectal lobes (Fig. 2C ). In the hindbrain, semaZ7 expression is present in the caudalmost rombomeres, r5-r7 ( Fig. 2A) . The expressing cells lie largely in the dorsal region of the neuroepithelium, and expression appears in transverse section as a band across the neuroepithelium (Fig. 2D ). This expression is continuous caudally with expression in the dorsal spinal cord (Fig. 2E ). In addition to the dorsal domain, there is also a patchy longitudinal stripe of semaZ7 expressing cells in the ventral spinal cord. These are the cells just lateral to the midline floor plate cell (Fig. 2F) . Interestingly, the spinal cord expression of semaZ7 correlates with the location of developing axon pathways (Bernhardt et al., 1990 (Bernhardt et al., , 1992 Kuwada et al., 1990a,b) (Fig. 2G ). The dorsal domain of semaZ7 expression is bordered ventrally by axons of the dorsal longitudinal fasciculus (DLF). The cell bodies of spinal commissural neurons also lie near the ventral border of the semaZ7 expression, in the region of the DLF. These neurons extend axons ventrally, away from the semaZ7 expression domain, toward the ventral midline. In the ventral cord, the axons of the medial longitudinal fasciculus (MLF) extend along the dorsal border of the ventral longitudinal semaZ7 stripe. Outside the central nervous system, semaZ7 is expressed in the pharyngeal arches and the pectoral fin bud. In the pharyngeal arches, semaZ7 is expressed only in the endodermal epithelium surrounding each arch, and not the arch mesenchyme (Fig. 2H) . Likewise, in the pectoral fin bud, semaZ7 is expressed in the epithelium surrounding the bud (Fig. 2I) , and not in the central mesoderm.
Expression of semaZ8 begins early in the segmentation period in the developing paraxial mesoderm. At the 12-somite stage (15 hpf), semaZ8 expressing cells lie medially in the somitic mesoderm, in the region of the adaxial cells that give rise to slow muscle fibers (Devoto et al., 1996) (Fig. 2J) . Over the next few hours, the semaZ8 expression becomes reduced in strength, and fills a larger region of each somite, spreading laterally. This change is apparent at the 20-somite stage (19 hpf), when the more mature rostral somites show expression throughout most of the somite tissue, while the less mature caudal somites are only expressing semaZ8 in the adaxial region (Fig. 2K,L) . Expression subsequently disappears from the maturing somites in a rostral to caudal wave. By the end of somitogenesis (24 hpf), only the newly formed somites at the caudal end of the embryo continue to express semaZ8 (Fig. 2M) . The only other tissue that expresses semaZ8 is a small group of cells in the ventral midbrain. This expression is detected during late somitogenesis (18 to 24 hpf) as two bilateral rows of cells in the ventral lateral tegmentum (Fig. 2N) . These cells lie in the region of the nucleus of the MLF, which contains the neurons whose axons pioneer the MLF Wilson et al., 1990; Ross et al., 1992) .
Semaphorin cDNAs were obtained by screening a 16-20 hpf zebrafish lgt10 cDNA library with chick collapsin-1 (Luo et al., 1993) and zebrafish semaZ1a (Yee et al., 1998) probes.
Whole-mount in situ hybridization was performed as described by Schulte-Merker et al. (1992) , except the acetic anhydride/triethanolamine treatment was omitted, and hybridizations were carried out at 65°C. For double-labeling with in situ hybridization and anti-tubulin, the monoclonal antibody for acetylated a-tubulin (Sigma, T6793) was added to the anti-digoxygenin antibody during the in situ hybridization. After the in situ color reaction was complete, anti-tubulin labeling was completed with the Vectastain Mouse IgG ABC immunoperoxidase labeling kit (Vector Labs). For sectioning, embryos were equilibrated in 20% albumin/0.35% gelatin/15% sucrose in 0.1 M PO 4 , and then embedded in 2.5% glutaraldehyde in gelatin/albumin/ sucrose. Sections were cut on a vibratome at 100 mm.
